Introduction
The synthesis of doubly-bonded species of group 14 elements such as metalla-alkenes >M=C< and dimetalla-alkenes >M=M< (M : Si, Ge, Sn) has been during a long time a great challenge for organometallic synthetic chemists. Since the isolation, in 1981, of the first stable silene by Brook [1] and disilene by West [2] , exciting progress has been made in this field and now many species which were thought to exist only as intermediates have been prepared and isolated. The previous reviews published in this field (silicon [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] , germanium [12] [13] [14] [15] [16] [17] and tin [14] ) were generally devoted to only one group 14 element or to one type of doubly-bonded species (>M=C< or>M=M<).
Thus, the purpose of this paper is to collect in a sole short review, presented in the form of tables and with brief comments, the information on the synthesis and the characteristic physicochemical data ( 29 Si, 119 Sn NMR, double bond lengths) of all the doubly-bonded silicon, germanium and tin derivatives of the type metalla-alkenes >M=C< and dimetalla-alkenes >M=M< prepared until the end of 1995. The synthetic routes to these derivatives are summarized in schemes. As the synthesis and the reactivity of transient species of this type are particularly well documented, we will limit our study to stable derivatives or to derivatives at least characterized by physicochemical methods such as NMR or UV. The reactivity of such compounds is not reviewed in this paper. OSi-C-WCp 2 (8)
I -METALLA-ALKENES
Routes (8), (9) and (10) afford silenes stabilized by complexation with transition metals. (8) reaction of magnesium with a complex of tungsten. (9) reaction of a Grignard compound with (Me 3 P)Cp*lr(Me)CI followed by loss of methane. (10) reaction of a Grignard compound with a complex of Ru, followed by a transfer of hydrogen.
In contrast to free silenes, which are easily characterized by their low field chemical shifts in 29 Si NMR, complexed silenes present shifts at much higher field, close to those of tetracoordinated silanes. Thus, such compounds can be considered as intermediate structures between silenes and three-membered ring heterocycles. 2) Germenes
(1) reaction of tBuLi on a chloro-or fluorogermane substituted by a fluorenyl group, followed by elimination of LiF. (2) addition of tBuLi on the CH=CH 2 double bond, followed by elimination of LiF. (3) coupling reaction between a stable ^ germylene and a carbene. This route, ι used by Berndt, involves the following C(SiMe 3 ) 2 "cryptocarbene" which can, depending ' -C C(SiMe 3 ) 2 tBu-B=C^| on the substrate, behave as a boron-Β carbon doubly-bonded compound.
^ {g u (4) reaction of a stable germylene with CS 2 , giving initially the ylide Tbt(Tip)Ge"-S + =C=S, followed by cyclisation to a germathiirane and reaction with a second molecule of germylene. (*) two independent molecules in the unit cell 
3) Stannenes
(
(1) reaction of tBuLi with a fluorostannane substituted by a fluorenyl group, then elimination of LiF. This stannene slowly dimerizes at room temperature. (2) coupling reaction between a stable stannylene and a stable carbene or the "cryptocarbene" already used for the synthesis of stable germenes. I I (9) reaction of magnesium with α -ML n -Si -Si -CI " I I As for silenes, the complexed disilenes obtained in routes (7) and (8) 
(1) reaction of a lithio compound with a germylene ; this route allowed the synthesis of the first compound with a germanium-germanium double bond in the solid state by Lappert (R : (Me 3 Si)2CH) [78] . This compound behaves as two germylenes in solution. (2) reaction of a Grignard reagent with the dichlorogermylene-dioxane complex. (3) coupling of two germylenes obtained by irradiation of a disilylgermane. (4) reaction of lithium naphthalenide with a dichloro-or dibromogermane. (5) photolysis of a trigermirane leading to germylenes which dimerize ; this route is also widely used. (6) reaction of a germyllithium or a silylsodium derivative with the dichlorogermylene-dioxane complex. The trigermirene, first compound with an intracyclic germanium-germanium double bond, is formed via a multi-step mechanism [87] , 
2 RMgBr -2MgBrCI
:SnCI 2 (3)
(1) reaction of a lithio compound with a stannylene ; this route gave the first compound with a tin-tin double bond in the solid state with R : (Me 3 Si) 2 CH [81, 89] . However, in solution, this compound behaves as two stannylenes. (2) thermolysis or photolysis of a tristannirane (same route than for disilenes or digermenes). (3) reaction of a Grignard compound with dichlorostannylene. 
5) Stannagermenes tBuLi • -LiF
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Conclusion
Doubly-bonded compounds of silicon and tin can generally be characterized by their low-field shifts in 29 Si and 119 Sn NMR and some of them by X-ray, which shows, at least for silicon and germaniun compounds, a significant shortening of the double bond in relation to the corresponding single bond (~ 7-10 %). However, for tin derivatives, the shortening is generally extremely small 2-4 %), which explains the particular behaviour of these derivatives. All these compounds present a high reactivity despite the large steric hindrance necessary for their stabilization.
As shown on table 7, the number of stable doubly-bonded derivatives decreases drastically by going down in the group 14, from silicon to tin. If many silenes or disilenes have now been synthesized, stannenes or distannenes are still very rare and no doubly-bonded compounds of lead have so yet been described ; moreover, most of the doubly-bonded tin compounds which are reported here slowly dimerize or behave as stannylenes in solution.
We can also note that dimetalla-alkenes of the type >M=M'< with two different heavy group 14 elements, probably because their synthesis is more difficult, are still very rare : only two metastable derivatives of this type have been evidenced by NMR at low temperature.
In conclusion, even if this field of doubly-bonded elements of group 14 has been widely studied during the last fifteen years, a great progress can still be made, particularly to find new synthetic routes, novel stabilizing groups and to better understand the influence of electronic factors on the stabilization. 
